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(54) Optical recording medium and method for manufacturing the optical recording medium 



(57) An optical recording medium including a sub- 
strate (1) having guide groove thereon; a first protective 
layer (2) located overlying the substrate; a recording lay- 
er (3) located overlying the first protective layer (2); a 
second protective layer (4) located overlying the record- 
ing layer (3); a third protective layer (5) of from 2 to 9 
nm thick located overlying the second protective layer 
(4) and comprising Si in an amount not less than 35 



atomic percent; and a reflection layer (6) including Ag 
in an amount not less than 95 % by weight. An overcoat 
layer (7) having a glass transition temperature of from 
90 °C to 180 °C is preferably formed overlying the re- 
flection layer (6). A method for manufacturing the optical 
recording medium is also provided. 
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Description 

BACKGROUND OF THE INVENTION 
5 FIELD OF THE INVENTION 



[0001] The present invention relates to an optical recording medium in which information can be recorded using laser 
light and the recorded information can be reproduced using laser light, such as CD-DAs : CD-Rs, CD-RWs, DVD-VID- 
EOs, DVD-ROMs, DVD-Rs, DVD-RWs, DVD+Rs, DVD+RWs and DVD-RAMs. Particularly, the present invention re- 
w lates to a high speed optical recording medium in which information can be recorded at a high speed not lower than 
12 m/sec. 

DISCUSSION OF THE RELATED ART 

15 [0002] Various optical recording media, in which information can be recorded or reproduced with laser light, such as 
CD-DAs, CD-ROMs, VIDEO-CDs, CD-Rs, CD-RWs, DVD-VIDEOs, DVD-ROMs, DVD-Rs, DVD-RWs, DVD+Rs, 
DVD+RWs and DVD-RAMs have been commercialized. Needs such as higher density information recording and higher 
speed information recording exist for these optical recording media to record a large amount of information at a high 
speed. Recently, a Ag-based reflection layer has been investigated to provide such a high density and high speed 

20 recording medium. 

[0003] Recording media having a Ag-based reflection layer have the following advantages: 

(1) the resultant recording media have increased reflectance over a wide wavelength region, resulting in increase 
of reproduction ability of the recording media; 
25 (2) the amplitude of recorded signals increases because silver has good optical properties, resulting in increase 

of reproduction ability of the recording media; 

(3) in the case of phase change optical recording media, the reflection layer has relatively high cooling speed, 
resulting in improvement of the overwriting ability of the recording media; 

(4) in the case of phase change optical recording media, the reflection layer has relatively high cooling speed, 
30 resulting in widening of the recordable speed range of the recording media; 

(5) the resultant recording media have improved productivity because the Ag-based reflection layer has high sput- 
tering efficiency; and 1 

(6) the heat stress applied to the recording media can be decreased because the sputtering time can be reduced, 
resulting in improvement of mechanical properties of the recording media. 

35 

[0004] When silver is used for a reflection layer, however, the resultant reflection layer has the following drawbacks: 

(1) the reflection layer tends to be corroded under high temperature and high humidity conditions; 

(2) the reflection layer tends to be easily corroded by sulfur and chlorine; 

40 (3) the reflection layer has poor adhesion to the layer on which the reflection layer is located; and 

(4) silver is a noble metal and therefore the reflection layer has a relatively high cost compared to an aluminum 
reflection layer. 

[0005] In attempting to prevent silver from being corroded, Unexamined Japanese Patent Application No. (hereinafter 
45 referred to as simply JP-A) 57-1 86244 (i.e., US patent 4,709,363) discloses a AgCu reflection layer. In addition, AgMg- 
based, AgOM-based and AgPdCu-based reflection layers have been disclosed in JP^s 7-3363, 9-156224 and 
2000-28551 7. Further, Japanese Patent No. 2749080 discloses a Ag-based reflection layer in which one or more 
elements such as Ti, V, Fe, Co, Ni, Zn, Zr, Nb, Mo, Rh, Pd, Sn, Sb, Te, Ta, W, Ir, Pt, Pb, Bi and C are included. 
[0006] When the present inventors prepared a DVD+R disc and a DVD+RW disc using such materials as a reflection 
50 layer to evaluate the archival preservation property thereof at 80 °C and 85 %RH, the resultant discs have poor pres- 
ervation reliability because a reproduction error problem suddenly increases after a 300-hour preservation test. 
[0007] In attempting to prevent a reflection layer from being corroded, methods in which an ultraviolet crosslinking 
resin layer is formed on a reflection layer have been conventionally proposed. For example, JP-A 2001-222842 dis- 
closes a method in which a resin layer having a glass transition temperature not lower than 45 °C is formed on an Al 
55 reflection layer to prevent water absorption of the resin layer, resulting in prevention of wrinkling of the resin layer and 
thereby corrosion of the Al reflection layer can be prevented. When the present inventors prepared a recording medium 
in which the resin having a glass transition temperature of 80 °C which is disclosed in JP-A 2001 -222842 is formed on 
a Ag-based reflection layer, the reflection layer of the resultant recording medium was corroded and thereby a repro- 



2 



BNSOOCID: <EP 1343155A2J_> 



EP 1 343 155 A2 

duction error problem increases. 

[0008] In addition, it is known that a ZnS • Si0 2 (80/20 by mole) layer is formed on and under a reflection layer to 
prevent corrosion of the reflection layer. In this case, a ZnS • Si0 2 layer having optimized thermal expansion coefficient, 
optical constant and elastic modulus is used. 
5 [0009] However, it is known that when a Ag-based reflection layer is formed on the ZnS - Si0 2 layer to prepare a 
high speed recording phase change optical recording medium, a problem in that the reflection layer is corroded due 
to reaction of Ag with ZnS • Si0 2 . 

[0010] In attempting to solve the problem, JP-A 11-238253 discloses a method in which an intermediate layer using 
a material such as Ta, Ni, Co, Cr, Si, W, V, C s Si, Au, Pd, Ag oxides, Al oxides and Ta oxides is formed to prevent the 

10 Ag-based reflection layer from reacting with sulfur included in the protective layer adjacent to the reflection layer. It is 
also disclosed therein that the thickness of the intermediate layer is preferably 40 nm to utilize the high heat conductivity 
of the Ag-based reflection layer while preventing corrosion of the reflection layer. In addition, it is disclosed that when 
the intermediate layer has a thickness of from 1 0 to 50 nm, the resultant medium has good signal properties, and good 
preservation reliability at 80 °C and 85 %RH. 

'5 [001 1 ] However, when the present inventors prepared phase change optical recording media having such an inter- 
mediate layer having a thickness of from 10 to 50 nm, the signal properties of the resultant recording media largely 
depended on the thickness of the intermediate layer, and thereby the recording media could not have practical signal 
properties. In addition, when the recording media were subjected to a heat cycle test 6 times in which a cycle of 
preservation at 25 °C and 95 %RH for 12 hours, followed by preservation at 40 °C and 95 %RH for 12 hours was 

20 repeated while the recording media were heated and cooled at a heating or cooling speed of 10 °C/hour when the 
temperature was increased or decreased. As a result, a problem in that the Ag-based reflection layer is peeled from 
the intermediate layer occurred. 

[0012] Namely, according to the present inventors' investigation, it is found that the reaction of silver in the reflection 
layer with sulfur in the protective layer.can be prevented but the adhesion of the intermediate layer to the Ag-based 

25 reflection layer is poor, and thereby adhesion between both the layers deteriorates when the recording media are 
preserved under high humidity conditions or dew condensation occurs. The reason is considered to be that by forming , 
a chemically inactive intermediate layer to prevent diffusion of elements included in one of the layers to the other layer 
and to prevent corrosion of the Ag-based reflection layer, deterioration of adhesion of the intermediate layer to the Ag- 
based reflection layer cannot be prevented particularly under high humidity conditions. 

30 [001 3] The present inventors disclose in JP-A 2000-331 378 that an element such as AIN , SiNx, SiAIN, UN, BN, TAN, 
Al 2 0 3 , MgO, SiO, Ti0 2 , B 2 0 3 , Ce0 2 , CaO, Ta 2 O s , ZnO, ln 2 0 3 , Sn0 2 , WC, MoC, TiC and SiC is used in an upper 
dielectric protective layer adjacent to a reflection layer, wherein the upper dielectric protective layer may have a multi- 
layered structure, and wherein the upper dielectric protective layers (i.e., the second and third protective layers 4 and 
5 in Fig. 1) preferably have a total thickness of from 7 nm to 60 nm, and more preferably from 10 nm to 30 nm. 

35 [0014] However, there is no embodiment therein, in which the thickness of the second upper dielectric protective 
layer (i.e., the third protective layer 5 in Fig. 1) is 9 nm or less (there is only an embodiment therein in which the 
thickness of the second upper dielectric protective layer is 10 nm). In addition, there is no technical idea therein such- 
that in order to dramatically improve the reliability of a Ag-based reflection layer without widely changing the optical 
and thermal properties of the recording medium and in order to prevent corrosion of silver in the reflection layer without 

40 adversely affecting the function of the first protective layer (i.e., the second protective layer 4 in Fig. 1 ), a thin surface- 
modified layer is formed as the second protective layer (i.e., the third protective layer 5 in Fig. 1 ) contacting the reflection 
layer. 

[0015] As mentioned below, when a material including Si in an amount not less than 35 % by mole is used for the 
protective layer (i.e. , the third protective layer 5 in Fig. 1 ) contacting the reflection layer, the initial signal properties and 

45 the reliability under high humidity conditions of 95 %RH of the resultant recording medium deteriorate if the thickness 
of the protective layer is not less than 1 0 nm (this can be easily understood from the evaluation results of Comparative 
Examples 3 to 7 mentioned later). In addition, when a third protective layer including a material other than the materials 
including Si in an amount not less than 35 % by mole such as SiO and SiC (the material is considered to be equivalent 
to the materials including Si in an amount not less than 35 % by mole in JP-A 2000-331378) and having a thickness 

so not greater than 9 nm is formed, the resuitant recording medium cannot produce the same effects as those of the 
recording medium of the present invention (this can be understood from the evaluation results of Examples 1 to 16 in 
Table 1). 

[0016] Namely, JP-A 2000-331378 does not disclose nor suggest that among the materials for use in the upper 
protective layer disclosed therein, only the materials including Si in an amount not less than 35 % by mole can produce 
55 excellent effects. 

[0017] Accordingly, although it is disclosed in JP-As 11-238253 and 2000-331378 to use Si or a material including 
Si for the intermediate layer or dielectric protective layer, such materials are considered to be equivalent to materials 
which are considered to be comparative materials in the present application. Namely, it is not disclosed nor suggested 
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therein that only the materials including Si in an amount not less than 35 % by mole can produce excellent effects. In 
addition, since the thickness of the protective layer is greater than the preferable range (i.e., from 2 nm to 9 nm) in the 
present invention, the object of the present invention cannot be attained. Namely, it is dear that the technical idea of 
the present invention is not disclosed therein. 

5 [0018] Further, the above-mentioned patent applications have never disclosed preferable sputtering conditions ot 
the intermediate layer or dielectric protective layer including Si, preferable structures and film properties of the resultant 
layer, which depend on the sputtering conditions, and preferable layer thickness which is determined such that a good 
combination of the environmental reliability and signal properties can be imparted to the recording medium. 
[0019] Because of these reasons, a need exists for an optical recording medium which has good preservation reli- 

10 ability even under high temperature/high humidity conditions, good high temperature operation stability, good mechan- 
ical properties, and good productivity and which can perform high speed recording and reproduction. 

SUMMARY OF THE INVENTION 

15 [0020] Accordingly, an object of the present invention is to provide an optical recording medium which has good 
preservation reliability even under high temperature/high humidity conditions, good high temperature operation stability, 
good mechanical properties and good productivity and which can perform high speed recording and reproduction. 
[0021] Another object of the present invention is to provide an optical recording medium which has good higrHem- 
peralure operabilily, good preservation reliability, good mechanical properties and high productivity and which can 

20 perform high speed recording and reproducing. 

[0022] To achieve such objects, the present invention contemplates the provision of an optical recording medium 
which includes a first protective layer, a recording layer, a second protective layer, a third protective layer including a 
material including Si in an amount not less than 35 % by mole and having a thickness of from 2 nm to 9 nm, a reflection 
layer including Ag in an amount not less than 95 % by weight, and a resin protective layer (i.e., an overcoat layer) and/ 

25 or an adhesive layer, which layers are overlaid in this order on a substrate having a guide groove. 
[0023] The thickness of the third protective layer is preferably from 3 nm to 7 nm. 
[0024] It is preferable that the third protective layer is substantially constituted of only Si. 

[0025] Alternatively, it is also preferable that the third protective layer includes Si, C and O, for example, a mixture 
of SiC and SiOx, and a mixture of C, SiC and SiOx, wherein x is a number of from 1 to 2. 
30 [0026] When oxygen is included in the third protective layer, the content of oxygen therein is preferably from 1 to 20 
% by atom. 

[0027] The optical recording medium preferably satisfies the following relationships: 



35 



40 



45 



0.1 < DM/D2 < 0.5, and 0.01 < DM/DR < 0.1, 

and more preferably the following relationships: 

0.15 < DM/D2 < 0.36, and 0.03 < DM/DR < 0.05, 

wherein D2 represents the thickness of the second protective layer, DM represents the thickness of the third protective 
layer, DR represents the thickness of the reflection layer. 

[0028] In addition, the optical recording medium preferably satisfies the following relationship: 

En(ave) = (£mi x Eni)/1 00 < 2.3, 



wherein En (ave) represents the average electronegativity of the third protective layer, and mi and Eni represent the 
so molar concentration and electronegativity of each of the constituent elements of the third protective layer. 

[0029] The overcoat layer and/or the adhesive layer located overlying the reflection layer preferably have a glass 
transition temperature of from 90 °C to 1 80 °C, and more preferably from 1 00 °C to 1 65 °C. 

[0030] It is preferable that the overcoat layer and the adhesive layer are located overlying the reflection layer, and 
the difference in glass transition temperature of the overcoat layer and the adhesive layer is not greater than 50 °C. 
55 The glass transition temperature difference is more preferably not greater than 30 °C. 

[0031] The reflection layer preferably includes Ag and an element selected from the group consisting of Al, Bi, Ca, 
Cu, Cd, Fe, Mn, Mg, Ni, Pd, Pb, Sb, Zn and Nd. More preferably, the element is Cu or Nd. 

[0032] It is more preferable that the reflection layer includes Ag and Cu, wherein the content of Cu is from 0.1 % by 
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weight to 5 % by weight. 

[0033] The groove formed on the substrate preferably has a width of from 0. 1 0 jam to 0.40 u.m (more preferably from 
0.15 ujti to 0.35 um) and a depth of from 15 to 45 nm (more preferably from 20 nm to 40 nm) when the recording 
medium is used as a DVD-ROM compatible rewritable optical recording medium. The groove formed on the substrate 
s preferably has a width of from 0.25 ujt> to 0.65 nm (more preferably from 0.30 jim to 0.60 ujn) and a depth of from 20 
nm to 50 nm (more preferably from 25 nm to 45 nm) when the recording medium is used as a CD-RW compatible 
rewritable optical recording medium). 

[0034] The optical recording medium preferably satisfies the following relationships: 

w 

0.02 ^ Rm/Rr ^ 0.20, and 0.5 nm/sec £ Rm ^ 5.0 nm/sec, 

wherein Rm represents the film forming speed of the third protective layer and Rr represents the film forming speed 
of the reflection layer when the reflection layer is prepared. 
is [0035] The optical recording medium preferably satisfies the following relationship: 

1 .5 x Pm < Pr, 

20 wherein Pm represents the sputtering power applied for forming the third protective layer, and Pr represents the sput- 
tering power applied for forming the reflection layer. 

[0036] The recording layer preferably has a formula Ag a1 Ge a2 ln p-|Gap 2 Bi^3Sb Y Te5M £ , wherein total of 
a1 +a2+01+p2+p3+Y4-&*e =1 00 atomic percent, and wherein 0 <a1< 1 0, 0 <a2£ 10, 0.1 <a1+oc2£ 1 0, 0 <£1£ 15, 0 <p2< 
15, 0<p3< 15, 1 <p1+p2+p3<15, 60 <y<90, 15<5<30, and 0 <e< 10. 
25 [0037] In another aspect of the present invention, an optical recording medium is provided which includes a substrate, 
a recording layer overlying the substrate, a Ag-based reflection layer located overlying the recording layer and including 
Ag in an amount not less than 95 % by weight, and an overcoat layer located overlying the reflection layer and having 
a glass transition temperature of from 90 °C to 1 80 °C. 

[0038] Alternatively, the optical recording medium includes an adhesive layer instead of the overcoat layer, and a 
30 second substrate located on the adhesive layer, wherein the adhesive layer has a glass transition temperature of from 
90 °C to 1 80 °C. It is preferable that an overcoat layer is formed between the adhesive layer and the reflection layer 
and the difference in glass transition temperature between the overcoat layer and adhesive layer is not greater than 

50 °C. 

[0039] It is preferable that the reflection layer includes Ag and Cu, wherein the content of Cu is from 0.1 % by weight 
35 to 5 % by weight. 

[0040] The recording layer preferably has a formula Ag^Ge^ln (5iGa^Bi(ttSb 7 Te 5 M e , wherein total of 
a1+o2+01+p2+p3+Y*-S+e=1 00 atomic percent, and wherein 0 <oc1< 10, 0 <a2^ 10, 0.1 <a1+ct2£ 1 0, 0 <pl£ 15, 0 <p2< 
15, 0 <p3< 15, 1 <p1+p2+p3< 15, 60 <Sy< 90, 15 <6< 30, and 0 <e< 10. 

[0041] In yet another aspect of the present invention, a method for manufacturing an optical recording medium is 
40 provided which includes: 

forming at least a first protective layer, a recording layer, and a second protective layer on a substrate in this order 
to overlay the first protective layer, recording layer, and second protective layer on the substrate; and 
forming a third protective layer including Si in an amount not less than 35 % by sputtering; and 
45 forming a reflection layer including Ag in an amount not less than 95 % by weight by sputtering, 

wherein the following relationships are satisfied: 
s0 0.02 £ Rm/Rr < 0.20, and 0.5 nm/sec < Rm < 5.0 nrn/sec, 

wherein Rm represents the film forming speed of the third protective layer and Rr represents the film forming speed 
of the reflection layer. 

[0042] Preferably the following relationship is satisfied: 

55 

1 .5 x Pm < Pr, 
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wherein Pm represents the sputtering power applied for forming the third protective layer, and Pr represents the sput- 
tering power applied for forming the reflection layer. 

[0043] It is preferable that the sputtering is performed using a mixture of SiC and SiOx as a target when the third 
protective layer is formed. 

[0044] Alternatively, the sputtering can be performed by reaction sputtering using SiC as a target and using a mixture 
gas of Ar and one of 0 2 , CO and CQ 2 . 

[0045] These and other objects, features and advantages of the present invention will become apparent upon con- 
sideration of the following description of the preferred embodiments of the present invention taken in conjunction with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0046] 

75 Fig. 1 is a schematic diagram illustrating a sectional view of a DVD-type embodiment of the optical recording 

medium of the present invention; 

Fig. 2 is a schematic diagram illustrating a sectional view of a CD-type embodiment of the optical recording medium 
of the present invention; 

Fig. 3 is a schematic diagram illustrating a sectional view of another DVD-type embodiment of the optical recording 
20 medium of the present invention; 

Fig. 4 is a schematic diagram illustrating a sectional view of another CD-type embodiment of the optical recording 
medium of the present invention; 

Fig. 5 is a schematic diagram illustrating a sectional view of yet another embodiment of the optical recording 
medium of the present invention; 
25 Fig. 6 is a schematic diagram illustrating a sectional view of a further embodiment of the optical recording medium 

of the present invention; 

Fig 7 is a graph illustrating the relationship between the glass transition temperature of a resin layer formed on 
an Ag-based reflection layer and the block error rate of the resultant optical recording medium after a high tem- 
perature preservation test; 

30 Fig. 8 is a graph illustrating the relationship between the silicon content in a third protective layer and the heat- 

cycle reliability of the resultant DVD-RW type optical recording medium of the present invention; 
Fig 9 is a graph illustrating the relationship between the average electronegativity of a third protective layer and 
the heat-cycle reliability of the resultant DVD-RW type optical recording medium of the present invention: and 
Fig. 1 0 is a graph illustrating the Auger depth profile of the optical recording medium of Example 1 7 of the present 

35 application. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0047] The present invention will be explained in detail. 

40 [0048] Figs. 1 to 4 illustrates the cross-sections of embodiments of the optical recording medium of the present 
invention As a typical constitution of the optical recording medium, a first protective layer 2, a recording layer 3, a 
second protective layer 4, a third protective layer 5, a reflection layer 6 and a resin protective layer (hereinafter referred 
to as an overcoat layer) 7 are overlaid on a substrate 1 . If desired, a print layer 10 may be formed on the surface of 
the recording medium. In addition, as illustrated in Figs. 3 and 4, a hard coat layer 11 may be formed on the surface 

45 of the substrate 1 to prevent the surface from being scratched, i.e., such that the incident reproduction laser light is 
not scattered at the surface. 

[0049] In addition, when the optical recording medium is used as a DVD-type recording medium, such a recording 
medium (hereinafter sometimes referred to as a second disc or a second single plate disc) as mentioned above or a 
transparent substrate can be adhered on the surface thereof with an adhesive layer 8 therebetween. In Figs. 1 and 3, 
so numeral 9 denotes the second disc or a transparent substrate. When the second disc is adhered to the recording 
medium without a print layer therebetween, a print layer may be formed on the surface of the second disc 9. Further, 
it is possible that the overcoat layer 7 also serves as the adhesive layer 8. 

[0050] Suitable materials for use as the substrate include glass, ceramics and resins. Among these materials, resins 
are preferably used because of having good moldability and low cost. 
55 [0051 ] Specific examples of the resins include polycarbonate resins, acrylic resins, epoxy resins, polystyrene resins, 
acrylonitrile-styrene copolymer resins, polyethylene resins, polypropylene resins, silicone resins, fluorine-containing 
resins, ABS (acrylonitrile-butadiene-styrene) resins, urethane resins, etc. Among these resins, polycarbonate resins, 
and acrylic resins are preferable because of having good moldability and optical properties, and low cost. 
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[0052] When the optical recording medium of the present invention is used as a DVD-ROM compatible rewritable 
optical recording medium, the recording medium preferably satisfies the following conditions: 

(1) width of grooves formed on the substrate: 0.10 to 0.40 pm (preferably 0.15 to 0.35 urn) ; 
5 (2) depth of grooves formed on the substrate: 15 to 45 nm (preferably 20 to 40 nm). 

[0053] When these conditions are satisfied, reproduction properties can be improved when the recording medium 
is used for DVD-ROM drives. 

[0054] In addition, the thickness of the substrate is preferably from 0.55 to 0.65 mm. The total thickness of a laminated 
10 disc in which two discs are adhered to each other is preferably 1 .1 to 1 .3 mm. 

[0055] When the optical recording medium of the present invention is used as a CD-RW medium, the recording 
medium preferably satisfies the following conditions: 

(1) width of grooves formed on the substrate: 0.25 to 0.65 um (preferably 0.30 to 0.60 um) ; 
is (2) depth of grooves formed on the substrate: 20 to 50 nm (preferably 25 to 45 nm). 

[0056] Suitable materials for use in the first and second protective layers Include materials including ZnS and Si0 2 
such as ZnS - Si0 2 (85/15 by mole), ZnS • SI0 2 (80/20 by mole), and ZnS . SI0 2 (75/25 by mole). In addition, other 
materials such as oxides, e.g., SiO, Si0 2 , ZnO, Sn0 2 , Al 2 0 3 , Ti0 2 , ln 2 0 3 , MgO and Zr0 2 ; nitrides, e.g., Si 3 N 4 , AIN, 
20 TiN, BN and ZrN; sulfides, e.g., ZnS and TaS 4 ; carbides, e.g., SiC, TaC, B 4 C, WC, TiC and ZrC; diamond like carbon, 
and mixtures thereof can also be used. 

[0057] In particular, since the protective layers (i.e., the first and second protective layers 2 and 4 in Figs. 1 and 2) 
adjacent to the phase change recording layer tend to be heat-damaged due to large heat expansion and temperature 
change, a material ZnS • Si0 2 (80/20 by mole) is preferably used therefor because of having well-balanced optical 
25 properties, heat expansion coefficient and elastic modulus. 

[0058] The thickness of the first protective layer 2 largely influences on the reflectance, modulation and recording 
sensitivity of the recording medium, and is preferably from 60 to 120 nm to impart good signal properties to the recording 
medium. 

[0059] The thickness of the second protective layer 4 is from 5 to 45 nm and preferably from 7 to 40 nm. When the 
30 second protective layer is too thin, the second protective layer does not function as a heat resistant protective layer, 
and recording sensitivity deteriorates. In contrast, when the second protective layer is too thick, the peeling problem 
in that the second protective layer is peeled from the adjacent layers tends to occur, and the repeat-recording properties 
of the recording medium deteriorate. 

[0060] Suitable phase change materials for use in the recording layer include Sb x Te 100 _ x (x is from 40 to 80 atomic 
35 %), which can induce a crystal -amorphous phase change and can achieve semi-stable state in both phases. By using 

such phase change materials, the resultant recording medium has good recording (i.e., amorphism) sensitivity (i.e., 

high recording speed), good erasing (i.e., crystallization) sensitivity (i.e., high erasing speed) and good erasure ratio. 

[0061] In addition, the phase change recording layer is needed not only perform recording and erasing, but also 

record signals having good reproduction stability and long life (i.e., good reliability) even when high density recording 
40 js performed in a high linear speed range. 

[0062] In attempting to satisfy such requirements, recording layers including a SbTe-type material, such as GeSbTe, 

AglnSbTe and GelnSbTe, as a main component, are commercialized now. 

[0063] In order to perform recording at a high speed not lower than 10 m/sec, materials having a formula, (Ag and/ 
or Ge) a (In and/or Ga and/or Bi)^Sb T Te 5 M £ , wherein total of ct+p+ y+6+e=1 00 atomic %, and wherein 0.1 <a£ 1 0, 1 <p< 

« 1 5, 60 <y < 90, 1 5 <6^ 30, and 0 <e< 1 0, can be preferably used. 

[0064] When a recording medium having a formula in this formula range, the recording medium can perform recording 
at a high speed not lower than 10 m/sec. In addition, the recording medium can perform CAV recording in which the 
angular speed is constant and the recording speed at the outermost portion of the recording medium is 2.4 times faster 
than that at the innermost portion thereof. 

so [0065] Suitable elements for use as the element M in the above-described formula include metals having a smaller 
heat conductivity than that of Sb. Specific examples thereof include lanthanum series metals such as Sc, Y, La, Ce, 
Pr, Nd, Sm, Eu, Gd, Tb, Dy and Ho; 71, Zr and Mn. 

[0066] The addition quantity of the element M is preferably not greater than 1 0 atomic %. When the addition quantity 
is too large, the recording and erasing properties deteriorate, and therefore the overwriting properties deteriorate. 
55 [0067] Materials having a cubic lattice type crystal structure which is an isotropic crystal structure and preferably a 
NaCI type crystal structure after initialization (i.e., in an unrecorded state) are preferably used as the phase change 
recording material. This is because the amorphous state of the materials is also highly isotropic, and therefore the 
phase change can be stably performed, i.e., recording and erasing can be uniformly performed at a high speed. 
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[00681 The thickness of the phase change recording layer is from 1 0 to 50 nm and preferably from 1 2 to 30 nm. In 
view of the initial properties such as jitter, overwriting properties and mass production efficiency, the thickness is more 
preferably from 13 to 25 nm. When the recording layer is too thin, the light absorbing ability of the recording layer 
deteriorates and therefore the recording layer cannot cany out the function thereof. In contrast, when the recording 

5 layer is too thick, uniform phase change cannot be made particularly at a high speed. 

[0069] The phase change recording layer can be formed by a method such as vacuum deposition methods, sputtering 
methods plasma CVD methods, light CVD methods, ion plating methods and electron beam deposition methods. 
Among these methods, sputtering methods are preferably used because of having good productivity and film formabMity. 
[00701 In the present invention, a dye layer can also be used as the recording layer. In this case, the recording 

io medium may has a structure as illustrated in Figs. 5 and 6. In Figs. 5 and 6, numeral 31 denotes a dye recording layer. 
Numerals 1 6 7. 8, 9 and 1 0 denote a substrate, a Ag-based reflection layer, an overcoat layer, an adhesive layer, a 
second substrate (or a second disc) and a print layer. Specific examples of the dyes include cyanine dyes, pyrylium 
dyes thiopyrylium dyes, azulenium dyes, squarilium dyes, metal complex dyes including Ni or Cr, naphthoquinone 
dyes' anthraquinone dyes, indophenol dyes, indoaniline dyes, triphenylmethane dyes, triarylmethane dyes, ammium 

is dyes' diimmonium dyes, nitroso compounds, azo dyes, and phthalocyanine dyes. These compounds can be used 
alone or in combination. In addition, a binder resin and/or a photo-stabilizer can be included in the dye-type light 
absorbing layer. 

[0071 ] The thickness of the dye-type light absorbing layer is preferably from 1 0 nm to 500 nm. and more preferably 
from 50 to 300 nm. When the dye-type light absorbing layer is too thin, the amplitude of recorded signals and the 
zo recording sensitivity deteriorate. To the contrary, the dye-type light absorbing layer is too thick, the reflectance of the 
light absorbing layer deteriorates. Therefore the thickness of the light absorbing layer is determined while taking these 
points into consideration. 

[00721 The dye-type light absorbing layer is typically prepared by coating an organic solvent solution of a light ab- 
sorbing dye on a substrate using a spin coating method. In this case, the revolution of the rotated substrate is preferably 
25 controlled such that the resultant dye-type light absorbing layer has a desired thickness. 

[0073] Further, magneto-optical recording materials such as FeTbCo can also be used for the light absorbing layer 
(i.e., the recording layer). 

[0074] These recording layers are preferably used alone, however, multi-layered recording layers can be used. In 
this case it is possible to insert a dielectric layer between the multi-layered recording layers. In addition, a combination 
30 of a pha^e-change light absorbing layer with a dye-type light absorbing layer; and a combination of a phase-change 
light absorbing layer with a magneto-optical recording layer, can also be used. By using such combination recording 
layers, it becomes possible to record and reproduce information in the optical recording medium using a recording 
apparatus which uses different light for recording and reproducing. 

[0075] The present inventor have investigated to solve the problems of the Ag-based reflection layer. As a result 
35 thereof it is found that in orderto maintain the advantages of Ag, i.e., high reflectance and high heat conductivity, the 
silver used therein preferably has a purity not less than 95 % by weight. However, when silver having a punty not less 
than 95 % by weight is used in a reflection layer, the resultant recording medium has poor reliability particularly under 
high temperature and high humidity conditions and the reflection layer tends to be peeled from the adjacent layers or 

corroded. , 
40 [0076] The present inventore have investigated why the peeling and conosion problems occur. As a result thereof, 
it is found that sulfur-containing materials and chlorine-containing materials included in the resin protective layer and/ 
or adhesive layer are contacted with silver in the reflection layer in the presence of water (H a O), and thereby the silver 
is corroded It is also found that corrosion is caused such that the sulfur source materials and chlorine source matenals 
reaching the surface of the silver (i.e. , the reflection layer) invade into the reflection layer with water serving as a vehicle 

45 through the silver grain boundaries. 

[0077] In order to avoid the corrosion problem, at least one element which has good compatibility with silver and 
which is selected from the group consisting of Al, Bi, Ca, Cu, Cd, Fe, Mn, Mg, Ni, Pd, Ob, Sb, Zn and Nd is added to 
the reflection layer. In particular, Cu and Nd are preferably added thereto. By adding these elements, oxidation of silver 
can be prevented and in addition generation of voids caused by aggregation of silver grains can also be prevented. 

so [0078] Recently, there is a strong demand for reliability of the optical recording media particularly under high tem- 
perature conditions. For example, when an optical recording medium is used for car navigation systems, there is a 
demand for good reliability at about 70 "C. By using such a silver alloy as mentioned above, the reliability of the silver 
reflection layer can be improved, but the reliability thereof at an environmental temperature not less than 70 °C is not 
satisfactory. It is known that when the environmental temperature is 70 °C, the real temperature of the surface of the 

55 optical disc located in car navigation systems is from about 85 to about 90 °C. Namely, the optical recording medium 
is needed to have good reliability at a temperature of from 80 to 90 °C. 

[0079] Further, such silver alloys as mentioned above have a relatively high cost. Therefore, a need exists for an 
excellent measure against the problems. 
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[0080] As mentioned above, peeling and corrosion of the Ag-based reflection layer is greatly influenced by water. 
Therefore, it is considered that the reliability of the Ag-based reflection layer is deteriorated by an electrochemical 
action. Namely, it is considered that the Ag-based reflection layer is deteriorated by electric deviation, polarization and 
ionization of Ag atoms. 

5 [0081] Based on such knowledge, the present inventors discover that the below-mentioned three factors are impor- 
tant to improve the reliability of the Ag-based reflection layer: 

(1 ) to prevent silver from contacting with water; 

(2) to form the Ag-based reflection layer on a layer which hardly causes polarization and ionization; and 

10 (3) to improve the adhesion of the Ag-based reflection layer to an under layer contacting the reflection layer using 

a physical method instead of a chemical bonding method. 

[0082] The present inventors have investigated the following measures: 

is (a) to form an overcoat layer and/or an adhesive layer which can prevent invasion of moisture into the Ag-based 

reflection layer; and 

(b) to form a third protective layer (i.e., a layer modifying the surface of the reflection layer), which Is suitable for 
the Ag-based reflection layer. 

20 [0083] At first, the item (a) will be explained in detail. 

[0084] The present inventors have investigated the reason for the corrosion and peeling problems of the Ag-based 
reflection layer. As a result thereof, it is found that the problems depend on the glass transition temperature of the 
overcoat layer and/or adhesive layer covering the Ag-based reflection layer. Namely, it is found that the properties such 
as water permeability and linear.expansion coefficient of the layers dramatically increase when the layers are heated 

25 to a temperature not lower than the glass transition temperature of the layers. Therefore moisture can easily reach the 
surface of the Ag-based reflection layer, resulting in occurrence of the corrosion and peeling problems, and thereby 
the recording medium is deteriorated. 

[0085] Therefore, in order to impart reliability at 90 °C to a recording medium (or in order to prevent occurrence of 
the problems even after the recording medium is subjected to a typical reliability test at 80 °C and 85 %RH), it is 
30 preferable that the overcoat layer and/or adhesive layer have a glass transition temperature not lower than 90 °C. It 
is more preferable that the layers have a glass transition temperature not lower than 1 00 °C at which the permeation 
speed of water is maximized. 

[0086] Fig. 7 illustrates the relationship between the glass transition temperature of a resin layer located on the Ag- 
based reflection layer and the block error rate of the resultant recording medium after a 1000-hour preservation test 
35 at 90 Q C and 80 %RH. As can be understood from Fig. 7, when the glass transition temperature is lower than 90 °C, 
the block error rate suddenly increases. 

[0087] However, the glass transition temperature of the overcoat layer and/or adhesive layer is too high, another 
problem in that the recording medium has low flexural strength and thereby the recording medium is easily broken 
when dropped on a floor or taken out of a plastic case tends to occur. Therefore, in order to prevent such a problem, 
40 the glass transition temperature of the overcoat layer and/or adhesive layer is not higher than 1 80 °C and preferably 
not higher than 1 65 °C. 

[0088] In addition, when the resin protective layer and the adhesive layer are overlaid on the reflection layer while 
contacting with each other and the glass transition temperatures of the layers are largely different from the other, the 
heat expansion rate of the layers becomes largely different from the other. As a result thereof, the resultant recording 
45 medium deforms, bends and/or tilts, and thereby recording and/or reproduction errors are often made particularly at 
a high speed not lower than 10 m/sec, and particularly not lower than 15 m/sec. Therefore, in order to stably perform 
recording and reproduction at a high speed not lower than 10 m/sec, the difference in glass transition temperature 
between the overcoat layer and the adhesive layer is preferably not greater than 50 °C, and more preferably not greater 
than 30 °C. 

so [0089] When guide grooves formed on the substrate are wobbling, this phenomenon remarkably occurs. In particular, 
as the frequency of the wobbling grooves becomes high, it becomes impossible to perform high speed recording and 
reproducing. When the cycle of the wobbling grooves is not greater than 10 urn, the difference in glass transition 
temperature between the overcoat layer and the adhesive layer is preferably not greater than 30 °C. 
[0090] Specifically, it is preferable that the overcoat layer and the adhesive layer are made of the same material. 

55 [0091 ] The glass transition temperature of a resin is defined as a temperature at which the properties such as volume 
weight ratio, specific heat, refractive index, dielectric constant, diffusion constant and elastic modulus suddenly change. 
The glass transition temperature of resins depends on intermolecular force of the monomers used for forming the 
resins, which force changes depending on the chemical structure, and size of the substituents of the monomers. In 
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particular, the glass transition temperature of a resin can be controlled by controlling the source materials thereof such 
as monomers and oligomers, the mixing ratio of the source materials, and density of polymerization active sites. The 
glass transition temperature can be defined as a temperature at which the tan 8 curve, which can be obtained using a 
viscoelasticity measuring instrument, has an inflection point. 

[0092] The thickness of the Ag-based reflection layer is from 50 nm to 200 nm. and preferably from 70 nm to 1 60 
nm It is possible to form a multi-layered Ag-based reflection layer. When a multi-layered reflection layer is used the 
thickness of each layer is not less than 1 0 nm and the total thickness thereof is preferably from 50 to 160 nm. When 
a reflection layer is used as a semi-transparent reflection layer which is typically used for a recording medium having 
a multi-layered recording layer, the thickness of the reflection layer is preferably from 1 0 nm to 50 nm. 
[0093] The reflective layer can be formed by a method such as vacuurh deposition methods, sputtenng methods, 
plasma CVD methods, light CVD methods, ion plating methods and electron beam deposition methods. Among these 
methods, sputtering methods are preferably used. 

[0094] On the reflection layer, an overcoat layer is formed. As the overcoat layer, an ultraviolet crosslinking resin 
layer which is formed by a spin coating method is preferably used. The thickness of the overcoat layer is from 3 urn to 
1 5 urn When the overcoat layer is too thin, a problem in that when a print layer is formed thereon, reproduction errors 
increase tends to occur. In contrast, when the overcoat layer is too thick, the -internal stress increases, resulting in 
deterioration of the recording medium. 

[0095] It is preferable that the surface of the recording medium has a hardness harder than the grade H represented 
by the pencil hardness. In addition, it is preferable to add an electroconductive material in the recording medium to 
impart an antistatic property to the recording medium, i.e., to prevent adhesion of dust to the recording med.um. 
[0096] The print layer is formed to impart abrasion resistance to the recording medium, to pnnt a label pnnting such 
as brand name, and/or to form a receiving layer on which an ink image is formed by an Inkjet printing method. The 
print layer is typically formed by screen-printing an ultraviolet crosslinking resin. 

[0097] The thickness of the print layer is from 3 pm to 50 nm. When the print layer is too thin, the resultant pnnt layer 
becomes uneven. In contrast, when the print layer is too thick, the internal stress increases, resulting in detenoration 
of the mechanical properties of the recording material. 

[0098] The adhesive layer is typically formed using a material such as ultraviolet crosslinking resins, hot-melt adhe- 
sives and silicone resin adhesives. The adhesive layer is formed, for example, by coating such a material as mentioned 
above on the overcoat layer or print layer, using a coating method such as spin coating methods, roll coating methods 
and screen coating methods. Then the thus coated adhesive layer is subjected to an ultraviolet irradiation treatment, 
a heating treatment or a pressing treatment, and a second disc (i.e., a second single plate disc) or a transparent 
substrate is adhered on the adhesive layer. 

[0099] When the second disc or transparent substrate is adhered, an adhesive may be or may not be formed on the 
surface of the second disc or transparent substrate to be adhered. In addition, the adhesive layer may be replaced 
35 with an adhesive sheet. 

[0100] The thickness of the adhesive layer is not particularly limited, but the thickness is from 5 to 100 urn, and 
preferably from 7 to 80 pm in view of coating properties and crosslinking properties of the material used, and mechanical 
properties of the resultant recording medium. 

[0101] The adhesive-applied area of a surface of the second transparent substrate (or the second single plate disc) 
40 on which an adhesive is applied is not particularly limited. However, when the recording medium is applied to a DVD 
and/or CD compatible optical recording medium, the distance between the inside end of the portion and the center of 
the recording media is preferably from 15 mm to 40 mm, and more preferably from 15 mm to 30 mm so that the high 
speed recording can be performed on the recording medium. 

[0102] Then the item (b) (to form a third protective layer (i.e., a layer modifying the surface of the reflection layer), 

45 which is suitable for the Ag-based reflection layer) will be explained. 

[0103] Conventionally, a Ag-based reflection layer is formed on ZnS • SiO s layer. However, elements Zn and S are 
included in the ZnS • SiC- 2 layer, and therefore the surface of the layer is electrochemteally active. In addition, in Si0 2 . 
the element Si is positively polarized, and the element O is negatively polarized when microscopically analyzed. There- 
fore the layer has good wettability to water and tends to contain water therein. Accordingly it is not preferable to form 

so a Ag-based reflection layer thereon. 

[0104] The present inventors have an idea such that the surface of the second protective layer (i.e., a ZnS • Si0 2 
layer) should be modified, i.e., the third protective layer (i.e., a surface modifying layer) is formed on the second pro- 
tective layer. 

[0105] The requirements for the third protective layer are as follows: 

55 

(1) to include a nonmetal which does not electrochemically affects silver, 

(2) to include an element having a smaller electronegativity than that of silver, 

(3) to include a material having a relatively small bond energy to easily modify physically the surface of the third 
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protective layer; and 

(4) to include an amorphous material such that moisture and impurities do not migrate into the grain boundaries 
of the Ag-based reflection layer. 

[0106] As a result of the present inventors 1 investigation, it is found that an element Si fulfills the above-mentioned 
requirements. Silicon has the following properties: 

(1 ) Silicon is a nonmetal (semi-metal) and has an electronegativity of 1 .8 which is less than that (1 .9) of silver; and 

(2) the bond energy of the Si-Si bonding is 76 kcal/mole, which is smaller than those (104, 192 and 144 kcal/mole, 
respectively) of the Si-C, Si-O and C-C bonding. 

[0107] The present inventors prepared various optical recording media which have a constitution as illustrated in 
Fig. 1 and can be used as a DVD+RW and which have different third protective layers including Si. 
[0108] The recording media were prepared by forming a first protective layer made of ZnS • Si0 2 (80/20 by mole) 
and having a thickness of 80 nm, a recording layer made of Ga 3 Ge3Mn3Sb 71 Te2 0 and having a thickness of 15 nm 
and a second protective layer made of ZnS - Si0 2 (80/20 by mole) and having a thickness of 15 nm, and a third 
protective layer made of each of the materials listed in Tables 1-1 and 1-2 and having a thickness of 5 nm, and a 
reflection layer including Ag in an amount of 99.99 % by weight and having a thickness of 140 nm, on a polycarbonate 
substrate having a thickness of 0. 6mm, using a sputtering method. Then a resin protective layer having a glass tran- 
sition temperature of 1 30 °C was formed thereon and a cover substrate was adhered to the resin protective layer with 
an adhesive having a glass transition temperature of 1 35 °C. 

[0109] The recording media were subjected to a heat cycle test 6 times in which a cycle of preservation at 25 °C and 
95 %RH for 12 hours, followed by preservation at 40 °C and 95 %RH for 12 hours was repeated while the recording 
media were heated and cooled at a heating or cooling speed of 10 °C/hour when the temperature was changed. 



Table 1-1 



Number of Experiment 


Material of third protective layer 


Molar concentration (%) of element (electronegativity) 


C (2.5) 


O (3.5) 


N(3) 


Si (1 .8) 


1 


Si0 2 




66.7 




33.3 


2 


Sl 60°40 




40 




60 


3 


S '70^30 




30 




70 


4 


Si 








100 


5 


S *70°30 


30 






70 


6 


^50^50 


50 






50 


7 


SI25O75 


75 






25 


8 


Sii 5 0 8 5 ' 


85 






15 


9 


Si 55 C 35°10 


35 


10 




55 


10 


S U5 C 45°10 


45 


10 




45 


11 


S Uo C 50°10 


50 


10 




40 


12 


S '38^62 






62 


38 


13 


SfeN 4 






57.1 


42.9 


14 








45 


55 


15 


Ti 










16 


Ti0 2 










17 


Mo 










18 


Ta 
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Table 1-2 





is* bonding 


2 nd bonding 


3 rd bonding 


structure 
(C/A)* 


EN** 


FR 3 * 




bond 


Energy 
(kcal /mol) 


Bond 


Energy 
(kcal /mol) 


Bond 


Energy 
(kcal /mol) 












192 










A 


2.93 


7.7 x 10- 5 


2 


QUO 


192 


Si-Si 


76 




_ 


A 


2.48 


6.3 x 10- 6 


w 


quo 


192 


Si-Si 


76 






A 


2.31 


3.9 X 10" 6 


4 


OrOI 


76 










A 


1.80 


1.6X10- 6 j 


5 


Ol Ol 


76 


Si-C 


104 






A 


2.01 


2.1 X 10- 6 




ol o 


104 










A 


2.15 


2.0 x 10" 6 


7 


C-C. 


144 


Si-C 


104 






A 


2.33 


1.8 x 10" 5 


Q 
O 


o-o 


144 










A 


2.40 


5.2 x 10- 4 


Q 

57 


Ol w 




Si-O 


192 


Si-Si 


76 


A 


2.22 


1.9 x 10- 6 


1 0 


Si-C 


104 


C-C 


144 


Si-O 


192 


A 


2.29 


2.3 x 1 0 G 


1 1 




144 


Si-C 


104 


Si-O 


192 


A 


2.32 


2.0 x 10* 6 


12 


Ol IM 


105 










A 


2.54 


1.0 x 10- 5 


1 o 


Si-N 


105 




- 


- 


- 


A 


2.49 


8.4 x 10" 6 


14. 


Si-N 


105 


Si-Si 


76 






A 


2.34 


5.9 X 10~ 6 


15 














C 


1.50 


2.3 x10' 5 


16 














A 


2.83 


8.5X10- 5 


17 














C 


1.80 


3.3 x 10" 5 


18 














C 


1.50 


1.2 X 10- 5 



10 



15 



20 



25 



30 



35 



40 



*) C: crystal state A: amoiphous s 
**) EN: electronegativity 
3*) FR: Failure rate after the heat cycle test 



[01 101 In Tables 1 -1 and 1 -2, all the bondings of the material are listed in order of the number thereof. It is determined 
by observing the hollow pattern of electron diffraction thereof whether the material is in a crystal state or an amorphous 
state 

[01 11] The failure rate is determined as follows. Laser beam irradiates the guide groove in a recording medium in 
an unrecorded state. The failure rate is defined as follows: 



45 



50 



55 



Failure rate = (Ld)/(Lt) 

wherein Ld represents the length of a portion of the guide groove whose reflectance is out of the predetermined value, 
and Lt represents the length of the guide groove which is scanned with the laser light. 

[01 1 21 Fig 8 is a graph illustrating the relationship between the Si content in the third protective layer and the failure 
rate of the resultant DVD+RW medium. Fig. 9 is a graph illustrating the electronegativity of the third protective layer 
and the failure rate of the resultant DVD+RW medium. 

[01 131 As can be understood from Figs. 8 and 9, in order to impart good reliability (i.e., a failure rate not greater than 
1 0 x 10-5) t0 the resultant recording medium, the Si molar concentration in the third protective layer is preferably not 
less than 35 % and the average electronegativity of the third protective layer is preferably not greater than 2.3. 
[01 1 41 The average electronegativity is calculated by averaging the electronegativity of the constituent elements of 
the third protective layer while weighing the content of the constituent elements. Namely, the average electronegativity 
En(ave) is determined by the following formula: 
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En(ave) = Xmi • Eni 



wherein mi represents the molar concentration of each of the constituent elements, and Eni represents the electron- 

5 egativity of the constituent element. 

[01 15] The lower limit of the average electronegativity cannot be determined from the viewpoint of at what average 
electronegativity the effect of the present invention cannot be produced. However, the value (i.e., about 1.50) of the 
electronegativity of a metal (71 orTa) alone in Experiments 15 and 18 in Table 1-2 is considered to be the lower limit. 
The polarization state of silver in the reflection layer and the third protective layer can be represented by the average 

io electronegativity. When the polarization is large, moisture (H a O) invades into the interface between the reflection layer 
and the third protective layer, resulting in occurrence of peeling of the reflection layer from the third protective layer. 
[01 16] As mentioned above, it is preferable that the third protective layer includes Si. In order to impart good reliability 
to the Ag-based reflection layer, it is preferable that the third protective layer includes Si in an amount not less than 35 
atomic %. The greater the Si concentration in the third protective layer, the better reliability the reflection layer has. 

'5 However, it is important to match the third protective layer to the second protective layer in view of heat expansion 
coefficient, elastic modulus, and chemical reactivity. Therefore it is preferable to add an element such as C, O and N 
to the third protective layer depending on the materials included in the second protective layer. 
[0117] Although the third protective layer Is thinner than the other layers, the Influence of the third protective layer 
on the properties of the recording medium cannot be neglected. Although Si is good in view of reliability, Si has a weak 

20 light absorbing ability. Therefore, when the third protective layer is too thick, high reflectance cannot be imparted to 
the resultant recording medium. 

[0118] When the second protective layer is made of ZnS • Si0 2 , the third protective layer is preferably made of Si, 
SiC, or a material including Si, C and O which is prepared by adding O to SiC. In particular, materials which are mixtures 
of SiC (main component) and SiOx or mixtures of SiC (main component), C and SiOx are preferable. 

25 [0119] SiC has good properties such as high melting point, good thermo-stability, and good denseness (i.e., being 
nonporous). Therefore, even when the third protective layer is thin, the third protective layer can prevent reaction. of 
sulfur included in the second protective layer with silver included in the reflection layer. However, since SiC has high 
hardness and poor reactivity with silver, SiC has poor adhesion to the Ag-based reflection layer. In contrast, when a 
material including Si, C and O is used for the third protective layer, the adhesion dramatically increases and corrosion 

30 of the Ag-based reflection layer can be suppressed. 

[0120] The thickness of the third protective layer is set to a proper value so that the resultant third protective layer 
does not deteriorate the high reflectance and high heat conductivity of the Ag-based reflection layer. In addition, the 
thickness is determined such that the resultant third protective layer does not deteriorate the good properties of the 
second protective layer, such as good heat-deformation preventing property which is needed in recording and erasing, 

35 good recording sensitivity control function, and good phase-change control function of controlling the phase-change 
of the recording layer from an amorphous state to a crystal state which function is needed for initializing a large diameter 
LD. 

[0121] As a result of the present inventors' investigation, it is found that when the third protective layer has a thickness 
of from 2 to 9 nm, the resultant recording medium has good signal properties in recording and erasing, and the Ag- 

40 based reflection layer contacting the third protective layer has good reliability. 

[0122] When the third protective layer has a thickness not less than 2 nm, the layer can be stably manufactured in 
a continuous manufacturing process while the uniformity of the layer can be secured, and thereby the surface modifi- 
cation function can be well carried out. The thickness of the third protection layer is preferably from 3 to 7 nm. When 
the thickness falls in this range, the reliability of the Ag-based reflection layer can be dramatically improved without 

45 largely changing the basic optical properties and thermal properties of the recording medium. 

[01 23] Specifically, when the recording medium is subjected to 1 000-time overwriting in DVD+Rw format at a speed 
of 14 m/sec, the resultant signals have good jitter property, i.e., not greater than 8 %. When the thickness is greater 
than 9 nm, the layer is such an intermediate layer as disclosed in JP-As. 11-238253 and 2000-331378 rather than a 
surface modifying layer. Namely, the layer largely influences on the properties of the recording medium, and thereby 

50 the design of the recording medium needs to be widely reconsidered to control the optical properties and thermal 
properties of the recording medium. In addition, internal stress is generated in the third protective layer (i.e., the surface 
modifying layer) itself, and therefore a problem in that the layer is cracked when subjected to a heat cycle test tends 
to occur. 

[0124] As a result of the present inventors' investigation, it is found that good reliability can be imparted to the Ag- 
55 based reflection layer while good record/erasure signal properties can be maintained, when the following relationships 
are satisfied: 
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0.1 < DM/D2 < 0.5, and 0.01 < DM/DR < 0.1 , 

wherein D2 represents the thickness of the second protective layer, DM represents the thickness of the third protective 
layer, and DR represents the thickness of the reflection layer. 

[01251 In addition, when the below-mentioned relationships are satisfied, the recorded signals have good jitter prop- 
erty, i.e., not greater than 8 %, when the recording medium is subjected to 1000-time overwriting in DVD+Rw format 
at a speed of 1 4 m/sec: 

0.15 < DM/D2 < 0.35, and 0.03 < DM/DR < 0.05. 



[01261 The third protective layer can be formed by a method such as sputtering methods, plasma CVD methods, 
plasma treating methods, ion plating methods, and light CVD methods. Among these methods, sputtenng methods 
is are preferable. Typical conditions of the sputtering methods are as follows: 

(1 ) pressure: 1 0' 2 to 1 0* 4 Pa; 

(2) sputtering power: 0.5 to 5.0 kW/200 mm<t>; and 

(3) film forming speed: 0.5 to 5.0 nm/sec. 



45 



[0127] At this point, it is preferable that the following relationship is satisfied: 

0.02 < Rm/Rr < 0.20, and 0.5 nm/sec < Rm < 5.0 nm/sec. 



[0128] In order to prepare a layer constituted of Si, C and O, a sputtering method using a mixture of SiC and SiO x 
as a target or a reactive sputtering method using SiC as a target and using a mixture gas of Ar and at least one of 0 2 , 
CO C0 2 can be preferably used. When a mixture gas of Ar and C0 2 is used, the amount of oxygen included in the 
third protective layer can be controlled by changing the ratio of the Ar flow rate to the C0 2 flow rate, as illustrated in 

[0^29] 2 It is preferable that when the Ag-based reflection layer is formed, the impingement rate of Ag is from 5 to 50 
times greater than the impingement rate of the atoms constituting the third protective layer when the third protective 
layer is formed. This is because the temperature of the outermost surface of the third protective layer increases and 
thereby the third protective layer does not have portions having a weak bonding. In addition, when the third protective 
35 layer is cooled, the silver atom remains while having a form like a wedge, and thereby the adhesion of the Ag-based 
reflection layer to the third protective layer can be improved. 

[0130] The third protective layer is preferably formed at a film forming speed of from 0.5 to 5.0 nm/sec. When the 
film forming speed is not lower than 0.5 nm/sec, the resultant third protective layer hardly includes gases therein, 
resulting in formation of a dense film. When the film forming speed is not higher than 5 nm/sec, lot-to-lot vanation of 
40 the film thickness of the third protective layer can be decreased, i.e., a thin film can be stably manufactured. 

[0131] It is also preferable that the below-mentioned relationship is satisfied, to improve the adhesion of the Ag- 
based reflection layer to the third protective layer. 



1 .5 x Pm < Pr, 



wherein Pm represents the sputtering power when the third protective layer is formed, and Pr represents the sputtering 
power when the reflection layer is formed. 

[0132] The reason why the adhesion can be improved is the same as those mentioned above. 
so [0133] In this case, not only the temperature of the surface of the third protective layer is increased, but also the 
weak-bond portions of the third protective layer can be effectively removed because the sputtering power applied for 
forming the reflection is not less than 1.5 times greater than that for forming the third protective layer, resulting in 
increase of impingement rate of ions having large energy. 

[0134] The upper limit of the sputtering power Pr for forming the reflection layer is the upper limit of the sputtenng 
55 power of the sputtering instrument used, i.e., the upper limit of the sputtering power at which sputtering can be stably 
performed by the sputtering instrument used. Specifically, the upper limit is typically about 10 kW. 
[01 35] Having generally described this invention, further understanding can be obtained by reference to certain spe- 
cific examples which are provided herein for the purpose of illustration only and are not intended to be limiting. In the 
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descriptions in the following examples, the numbers represent weight ratios in parts, unless otherwise specified. 

EXAMPLES 

Example 1 

[0136] A polycarbonate substrate having a thickness of 0.6 mm, on which wobbling grooves having a width of 0.25 
ujti, a depth of 27 nm and a wobbling period of 4.26 ujti are formed was prepared by injection molding. On the substrate, 
a first protective layer, a recording layer, a second protective layer, a third protective layer, and a reflection layer con- 
stituted of silver having a purity of 99.99 % by weight were overlaid in this order by sputtering. 
[0137] The first and second protective layers were made of ZnS . Si0 2 (80/20 by mole) and the thickness thereof 
was 80 nm and 14 nm, respectively. 

[0138] The recording layer was made of Ga 3 Ge 3 Mn 4 Sb 70 Te2o and the thickness thereof was 16 nm. 

[0139] The third protective layer was a Si layer having a thickness of 4 nm. The electronegativity of Si is 1 .8, which 

is lower than that (1 .9) of silver used in the reflection layer. 

[01 40] The thickness of the Ag-based reflection layer was 1 40 nm. 

[0141] The sputtering conditions of each layer are shown In the below-mentioned Table 2. 

Table 2 



Layer 


Film forming speed (nm/sec) 


Sputtering power (kW) 


1 st protective layer 


9.0 


4.0 


Recording layer 


5.6 


0.4 


2 nd protective layer 


4.5 


1.5 


3 rd protective layer 


1.5 


1.5 


Reflection layer 


32 


3.5 



30 [0142] Thus, a multi-layered plate having the following constitution was prepared. 



35 



Polycarbonate substrate (0.6 mm) / ZnS • Si0 2 (80 nm) / 
Ga 3 Ge 3 Mn 4 Sb 70 Te 20 (16 nm) / ZnS • Si0 2 (14 nm) / Si (4 nm) / 
99.99 % by weight Ag (140 nm) 



40 



45 



50 



55 



[0143] Then an ultraviolet crosslinking resin having a viscosity of 120 cps at room temperature was coated on the 
Ag-based reflection layer by spin coating and erosslinked. The glass transition temperature of the crosslinked resin 
was 149 °C. Thus, an single-plate type optical recording medium was prepared. 

[01 44] Next, a second polycarbonate substrate was adhered thereon with an adhesive having a viscosity of 580 cps 
at room temperature to prepare a DVD-type optical recording medium having a structure as shown in Fig. 1 . The glass 
transition temperature of the crosslinked adhesive was 135 °C. 

[0145] The optical recording medium was initialized by an initializing apparatus having a large diameter laser diode 
(LD) under conditions of 3.5 m/sec in linear speed, and 850 nW in laser diode power, to crystallize the recording layer. 
The initialization was performed from the inside to the outside of the recording medium at a feeding pitch of 120 jim 
while the linear speed is kept to be constant. 

[0146] Then the recording medium was subjected to optical recording in DVD-ROM reproducible format at a linear 
speed of 1 6.75 m/sec using an apparatus which emits laser light having a wavelength of 650 nm and which has a 
numerical aperture (NA) of 0.65 and a recording power of 14.5 mW. 

[0147] As a result, the recorded signals had good data-to-clock jitter, i.e.. 7.5 %, even after 1000-time direct over- 
writing (DOW). In addition, the signals had good reflectance (20 %) and modulation (63 %). Thus, the good properties 
of silver, i.e., high reflectance and high heat conductivity, can be fully utilized. 

[0148] Then the recording medium was subjected to a heat cycle test 6 times in which a cycle of preservation at 25 
°C and 95 %RH for 12 hours, followed by preservation at 40 °C and 95 %RH for 12 hours was repeated while the 
recording medium was heated and cooled at a heating or cooling speed of 10 °C/hour when the temperature was 
changed. As a result, the reflectance, modulation and tilt at a point 58 mm apart from the center thereof were 20 %, 
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63%and 0.4', respectively, which hardly changed compared to those at the beginningoftheheat cycle test. In addition, 
the failure rate did not increase. 



Examples 2 to 13 

[0149] A polycarbonate substrate having a thickness of 0.6 mm, on which wobbling grooves having a width of 0.25 
urn. a depth of 27 nm and a wobbling period of 4.26 urn areformed was prepared by injection molding. On the substrate, 
a first protective layer, a recording layer, a second protective layer, a third protective layer, and a reflection layer con- 
stituted of silver having a purity of 99.99 % by weight were overlaid in this order by sputtenng. 
[01 50] The first and second protective layers were made of ZnS • Si0 2 (80/20 by mole). 
[0151] The recording layer was made of Ga3Ge3Mn 4 Sb 70 Te 20 . 

[0152] The materials listed in Table 3-1 were used for the third protective layer. The thickness of each layer and 
manufacturing conditions are shown in Table 3-1. 

r0153] Then an ultraviolet crosslinking resin having a viscosity of 120 cps at room temperature was coated on the 
Ag-based reflection layer by spin coating and crosslinked. The glass transition temperature of the crosslmked resin 
was 149 "C Thus, an single-plate type optical recording medium was prepared. 

r01 54] Next a second polycarbonate substrate was adhered thereon with an adhesive having a viscosity of 580 cps 
at room temperature to prepare a DVD-type optical recording medium having a structure as shown in Fig. 1 The glass 
transition temperature of the crosslinked adhesive was 135 °C. 

T01 55] The optical recording medium was initialized by an initializing apparatus having a large diameter laser diode 
LD) having a beam diameter of 200x1 jim under conditions of 3.5 m/sec in linear speed, and 850 mW in laser diode 
power, to crystallize the recording layer. The initialization was performed from the inside to the outside of the recording 
medium at a feeding pitch of 1 20 jtm while the linear speed is kept to be constant. 

[0156] Then the recording medium was subjected to optical recording in DVD-ROM reproducible format at a linear 
speed of 1 6.75 m/sec using an apparatus which emits laser light having a wavelength of 650 nm and which has a 

numerical aperture (NA) of 0.65 and a recording power of 1 4.5 mW. 

[0157] As a result, the recorded signals had good data-to-clock jitter, i.e., not greaterthan 8 %, even after 1 000-t.me 
direct overwriting (DOW). In addition, the signals had good reflectance (20 %) and modulation (63 %). Thus, the good 
properties of silver, i.e., high reflectance and high heat conductivity, can be fully utilized. 

[0158] Then the recording medium was subjected to a preservation test at 80 °C and 85 %RH for 500 hours, and a 
heat cycle test 6 times in which a cycle of preservation at 25 »C and 95 %RH for 12 hours, followed by preservation 
at 40 °C and 95 %RH for 12 hours was repeated while the recording medium was heated and cooled at a heating or 
cooling speed of 1 0 -C/hour when the temperature was changed. As a result, the failure rate did not increase and the 
resultant recording media hardly committed errors. 

Comparative Examples 1 to 7 

[0159] The procedures for preparation and evaluation of the optical recording media in Examples 2 to 1 3 were re- 
peated except that the material and the thickness of the third protective layer were changed as shown in Tables 3-1 
and 3-2 Thus, optical recording media of Comparative Examples 1 to 7 were prepared and evaluated. 
[0160] As can be understood from Tables 3-1 and 3-2, in Comparative Example 1 a third protective layer was not 
formed In Comparative Examples 2 to 7, the third protective layer satisfies the requirements (to include Si in an amount 
not less than 35 % by mole) of the present invention, but does not satisfy the thickness requirement of from 2 to 9 nm 
because the thickness thereof is 1 nm or 10 nm. Therefore, each optical recording medium caused at least one jitter 
problem after the 1000-time direct overwriting, the 500-hour preservation test at 80 °C and 85 %RH, and/or the heat 
cycle test. Therefore, judging from the total qualities thereof, all the optical recording media of Comparative Examples 
1 to 7 are unacceptable. 

Table 3-1 





D1 (nm) 


DRc (nm) 


D2 (nm) 


M3 


DM (nm) 


Rm (nm/s) 


DR (nm) 


Rr (nm/s) 


Ex.2 


80 


15 


15 


SiC 


2 


0.5 


100 


30 


Ex. 3 


80 


15 


15 


SiC 


4 


2 


100 


30 


Ex. 4 


80 


15 


15 


SiC 


6 


4 


100 


30 


Ex.5 


80 


15 


15 


Si 


7 


5 


100 


30 


Ex. 6 


80 


15 


20 


Si 


3 


0.5 


120 


30 
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Table 3-1 (continued) 





D1 (nm) 


DRc (nm) 


U2 inm) 


M3 


Dm (nm) 


Rm (nm/s) 


DR (nm) 


Rr (nm/s) 


bX. 7 


80 


* rr 

1 5 




OS 

SI 


5 


2 


A OA 


OA 


Ex. 8 


80 


i 5 


OA 

2u 


SIC 


7 


4 


4 OA 
1 20 


OA 

oU 


Ex. 9 


80 


1 5 


OA 


SlC 


9 


5 


4 OA 

120 


OA 

30 


Ex.10 


80 


1 5 


25 


SiC 


3 


0.5 


140 


30 


Ex.11 


80 


1 5 


25 


Si 


5 


2 


140 


30 


Ex.12 


80 


15 


25 


Si 


7 


4 


140 


30 


EX. 13 


80 


1 5 


25 


Si 


9 


5 


140 


30 


Comp. Ex. 1 


80 


15 


25 




0 




100 


30 


Comp. Ex. 2 


80 


15 


10 


SiC 


1 


2 


100 


30 


Comp. Ex. 3 


80 


15 


20 


SiC 


10 


5 


100 


30 


Comp. Ex. 4 


80 


15 


20 


Si 


10 


5 


100 


30 


Comp. Ex. 5 


80 


15 


20 


SiO 


10 


5 


100 


30 


Comp. Ex. 6 


80 


15 


20 


Si 3 N 4 


10 


5 


100 


30 


Comp. Ex. 7 


80 


15 


20 


o 10 


10 


5 


100 


30 


D1 : Thickness of the first protective jayer (nm) 

DRc: Thickness of the recording layer (nm) 

D2: Thickness of the second protective layer (nm) 

M3: Material of the third protective layer 

DM: Thickness of the third protective layer (nm) 

Rm: Film forming speed of the third protective layer (nm/s) 

DR: Thickness of the reflection layer (nm) 

Rr: Film forming speed of the reflection layer (nm/s) 
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Table 3-2 



45 



so 



55 





DM/D2 


DM/DR 


Rm/Rr 


Jitterl 


Jitter2 


Jitter3 


Total 


Ex. 2 


0.13 


0.02 


0.02 


8.7% 


OK 


OK 


OK 


Ex.3 


0.27 


0.04 


0.07 


7.4% 


OK 


OK 


OK 


Ex.4 


0.40 


0.06 


0.13 


7.2% 


OK 


OK 


OK 


Ex.5 


0.47 


0.07 


0.17 


7.7% 


OK 


OK 


OK 


Ex. 6 


0.15 


0.03 


0.02 


7.6% 


OK 


OK 


OK 


Ex.7 


0.25 


0.04 


0.07 


7.7% 


OK 


OK 


OK 


Ex.8 


0.35 


0.06 


0.13 


7.9% 


OK 


OK 


OK 


Ex.9 


0.45 


0.08 


0.17 


8.9% 


OK 


OK 


OK 


Ex.10 


0.12 


0.02 


0.02 


7.9% 


OK 


OK 


OK 


Ex.11 


0.20 


0.04 


0.07 


7.6% 


OK 


OK 


OK 


Ex.12 


0.28 


0.05 


0.13 


7.7% 


OK 


OK 


OK 


Ex.13 


0.36 


0.06 


0.17 


8.9% 


OK 


OK 


OK 


Comp. Ex. 1 


0.00 


0.00 


0.07 


8.3% 


NG 


NG 


NG 


Comp. Ex. 2 


0.10 


0.01 


0.07 


8.3% 


OK 


NG 


NG \ 
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Table 3-2 (continued) 






DM/D2 


DM/DR 


Rm/Rr 


Jitterl 


Jitter2 


Jitter3 


Total 
I Ola) 


Comp. Ex. 3 


0.50 


0.10 


0.17 


12.0% 


OK 


OK 




Comp. Ex. 4 


0.50 


0.10 


0.17 


13.6% 


OK 


OK 


IN 13 


Comp. Ex. 5 


0.50 


0.10 


0.17 


15.4% 


OK 


OK 


IMV3 


Comp. Ex. 6 


0.50 


0.10 


0.17 


15.4% 


OK 


OK 


K\ri 


Comp. Ex. 7 


0.50 


0.10 


0.17 


13.3% 


OK 


OK 


Mf5 


Jitter 1: Jit 


ter after 1 0OO-time overwriting in DVD+RW Tormat ai a speea ot i <m v 



Jitter 2: Jitter after the 500-hour preservation test at 80 °C 85 %RH. 

Jitter 3: Jitter after 6-time heat cycle test at 25 °C 95 %RH and 40 °C 95 %RH. 



Examples 14 to 18 and Comparative Examples 8 to 10 

[01611 A polycarbonate substrate having a thickness of 0.6 mm, on which wobbling grooves having a width of 0.25 
uin a depth of 27 nm and a wobbling period of 4.26 ixm areformed was prepared by injection molding. On the substrate, 
afiret protective layer, a recording layer, a second protective layer, a third protective layer, and a reflection layer con- 
stituted of silver having a purity of 99.99 % by weight were overlaid in this order by sputtenng. 
[01621 The first and second protective layers were made of ZnS • Si0 2 (80/20 by mole) and the thickness thereof 
was 80 nm and 14 nm, respectively. 

[01 63] The recording layer was made of Ge, oAg 0 5 ln5.oSb6 8 . 5 Te24.o and tne thickness thereof was 1 6 nm. 
[01641 The third protective layer was formed by a sputtering method using SiC as a target and using a mixture gas 
as shown in Table 4 under conditions of 0.5 Pa in pressure and 1 kW in sputtering power. The thickness of the third 
protective layer is 4 nm. 

[0165] The thickness of the Ag-based reflection layer is 140 nm. 

[0166] Thus, a multi-layered plate having the following constitution was prepared. 

Polycarbonate substrate (0.6 mm) / ZnS - Si0 2 (80 nm) / 
Ge 2 .oAgo5ln5.o Sb 68.5 Te 24.o ( 16 nm > ; ZnS • si °2 ( 14 nm) / 
SiC (4 nm) / Ag (140 nm) 

[0167] Then an ultraviolet crosslinking resin having a viscosity of 120 cps at room temperature was coated on the 
Ag-based reflection layer by spin coating and crosslinked. The glass transition temperature of the crosslinked resin 
was 1 49 °C. Thus, an single-plate type optical recording medium was prepared. 

[0168] Next, a second polycarbonate substrate was adhered thereon with an adhesive to prepare an optical recording 
medium having a structure as shown in Fig. 1 . 

[0169] The optical recording medium was initialized by an initializing apparatus having a large diameter laser diode 
(LD) under conditions of 3.5 m/sec in linear speed, and 850 mW in laser diode power, to crystallize the recording layer. 
The initialization was performed from the inside to the outside of the recording medium while the linear speed is kept 

[OUO^Then the recording medium was subjected to optical recording in DVD-ROM reproducible format at a linear 
speed of 8.5 m/sec using an apparatus which emits laser light having a wavelength of 650 nm and which has a numencal 
aperture (NA) of 0.65 and a recording power of 14 mW. 

[0171] As a result, when the content of oxygen in the third protective layer is not greater than 20 atomic /„, the 
recorded signals had good data-to-clock jitter, i.e., not greaterthan 9 %, even after 1 000-time direct overwriting (DOW). 
When the content of oxygen in the third protective layer is greater than 20 atomic %, the third protective layer was 
cracked and the reflection layer was peeled from the third protective layer. 

[0172] When the content of oxygen in the third protective layer is 0, the error increasing rate (i.e.. (error after pres- 
ervation - initial error)/(initial error)) exceeds 1 0 %, and thereby a problem occurred in that a part of the recorded data 
cannot be read after the 300-hour preservation test at 80 °C 85 %RH. In contrast, when the content of oxygen is not 
less than 1 atomic %. the error increasing rate is not greater than 10%, and the recording medium caused no problem 
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even after the preservation test. 

[0173] In addition, the Auger depth profile of the recording medium of Example 17 was measured with an Auger 
electron spectroscopic depth analyzer. The profile is shown in Fig. 1 0. As can be understood from Fig. 1 0, an excessive 
amount of carbon (C) is included in the layer as the content of Si increases in the layer. The Auger electron is emitted 
5 from a surface of a material when high energy electron irradiates the surface of the material, and has energy specific 
to the material. By spectroscopically analyzing the Auger electron, the ratio of elements constituting the material can 
be determined. 



Table 4 





Ar flow rate 
(seem) 


C0 2 flow rate 
(seem) 


Oxygen content 
in third protective 
layer (atomic %) 


Error increasing 
rate (%) 


The number of 
over-writing 
(times) 


Ex.14 


10 


0.3 


1.1 


9.5 


8000 


Ex. 15 


10 


1 


3.8 


7.6 


6000 


Ex. 16 


10 


1.5 


5.6 


6.0 


5000 


Ex. 17 


10 


3 


10.6 


4.5 


3000 


Ex. 18 


10 


6 


20 


3.0 


1500 


Comp. Ex. 8 


10 


8 


24 


2.0 


500 


Comp. Ex. 9 


10 


12 


32 


2.5 


100 


Comp. Ex. 1 0 


10 


0 


0 


20 


9000 



25 

Example 19 



[0174J A polycarbonate substrate having a thickness of 0.6 mm, on which wobbling grooves having a width of 0.25 
u,m, a depth of 27 nm and a wobbling period of 4.26 u.m are formed was prepared by injection molding. On the substrate, 
30 a first protective layer, a recording layer, a second protective layer, a third protective layer, and a reflection layer con- 
stituted of silver having a purity of 99.99 % by weight were overlaid in this order by sputtering. 
[0175] The first and second protective layers were made of ZnS ■ Si0 2 (80/20 by mole) and the thickness thereof 
was 80 nm and 11 nm, respectively. 

[0176] The recording layer was made of Ge 2 ln 7 Sb 70 Te 2 oMn 1 and the thickness thereof was 16 nm. 
35 [0177] The third protective layer was a SiC layer having a thickness of 4 nm. 
[0178] The thickness of the Ag-based reflection layer is 140 nm. 
[0179] Thus, a plate having the following constitution was prepared. 



^ Polycarbonate substrate (0.6mm) / ZnS ♦ Si0 2 (80 nm) / 

Ge 2 ln 7 Sb 70 Te 20 Mn 1 (16 nm) / ZnS • Si0 2 (1 1 nm) / 
SiC (4 nm) / 99.99% by weight Ag (140 nm) 

45 

[0180] Then an ultraviolet crosslinking resin having a viscosity of 120 cps at room temperature was coated on the 
Ag-based reflection layer by a spin coating method and crosslinked. The glass transition temperature of the crosslinked 
resin was 149°C. Thus, an single-plate type optical recording medium was prepared. 

[0181] Next, a second polycarbonate substrate was adhered thereon with an ultraviolet crosslinking adhesive SD694 
so having a viscosity of 580 cps (manufactured by Dainippon Ink & Chemicals Inc.) to prepare an optical recording medium 
having a structure as shown in Fig. 1 . The glass transition temperature of the crosslinked adhesive is 135 °C. 
[0182] The optical recording medium was initialized by an initializing apparatus having a large diameter laser diode 
(LD) (beam diameter of 200 x 1 nm) under conditions of 3.0 m/sec in linear speed, and 850 mW in laser diode power, 
to crystallize the recording layer. The initialization was performed from the inside to the outside of the recording medium 
55 at a pitch of 1 00 jim while the linear speed is kept to be constant. 

[0183] Then the recording medium was subjected to optical recording in DVD-ROM reproducible format at a linear 
speed of 16.75 m/sec using an apparatus which emits laser light having a wavelength of 650 nm and which has a 
numerical aperture (NA) of 0.65 and a recording power of 14.5 mW. 
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[0184] As a result, the recorded signals had good data-to-clock jitter, i.e. ; 8.5 %, even after 1000-time direct over- 
writing (DOW). In addition, the recorded signals had good properties and the reflectance and modulation thereof were 
20 % and 63 %, respectively. Namely, it can be said that the high reflectance and heat conductivity of silver used in 
the reflection layer can be fully utilized. 

5 [0185] Even after this optical recording medium was subjected to a 500-hour preservation test at 90 °C and 90 /oRH, 
the reflectance, modulation and tilt at a point (the outermost point of the disc) 58 mm apart from the center of the disc 
were 20 %, 63 % and 0.4°, respectively, which were the same as those at the beginning of the preservation test. 
[0186] In addition, when overwriting was performed at the outermost point (58 mm apart from the center of the disc) 
at 70 °C and 90 %RH, the recorded signals could be reproduced without causing improper track focusing. 

10 [01 87] Namely, by forming an overcoat layer having a glass transition temperature of 1 49 °C and an adhesive layer 
having a glass transition temperature of 1 35 °C (i.e., the difference in glass transition temperature between the overcoat 
layer and adhesive layer is 1 4 °C), the high temperature preservation reliability at 90 °C and 90 %RH can be imparted 
to the recording medium. 



is Example 20 

[0188] A polycarbonate substrate having a thickness of 1 .2 mm, on which wobbling guide grooves having a width of 
0 5 u.m and a depth of 30 nm are formed was prepared by injection molding. On the substrate, a first protective layer, 
a recording layer, a second protective layer, a third protective layer, and a reflection layer were overlaid in this order 
20 by sputtering. 

[0189] The first and second protective layers were made of ZnS - Si0 2 (80/20 by mole) and the thickness thereof 
was 80 nm and 11 nm, respectively. 

[01 90] The recording layer was made of Ge^e^^Te^T^ and the thickness thereof was 1 6 nm. 
[0191] The third protective layer was a Si layer having a thickness of 4 nm. 
25 [0192] The reflection layer is constituted of Ag 98 Cu 1 5 Nd 0 5 and has a thickness of 1 40 nm. 
[0193] Thus, a multi-layered plate having the following constitution was prepared. 



Polycarbonate substrate (1.2mm) / ZnS - Si0 2 (80 nm) / 
30 Ge 2 Ga 7 Sb 70 Te 20 Ti 1 (1 6 nm) / ZnS - SiG 2 (1 1 nm) / 

Si (4 nm) / Ag 98 Cu 1 5 Nd 0 5 (140 nm) 

35 [0194] Then an ultraviolet crosslinking resin (SD318 manufactured-by Dainippon Ink & Chemicals Inc.) having a 
viscosity of 1 20 cps at room temperature was coated on the Ag-based reflection layer by spin coating and crosslinked 
to form an overcoat layer. The glass transition temperature and thickness of the crosslinked resin was 149 °C and 7 
um. Thus, an single-plate type optical recording medium was prepared. 

[0195] The optical recording medium was initialized by an initializing apparatus having a large diameter laser diode 
40 (LD) (beam diameter of 200 x 1 under conditions of 3.0 m/sec in linear speed and 850 mW in laser diode power, 
to crystallize the recording layer. The initialization was performed from the inside to the outside of the recording medium 
at a pitch of 1 00 \im while the linear speed is kept to be constant. 

[0196] Then the recording medium was subjected to optical recording in CD-ROM reproducible format at a linear 
speed of 28.8 m/sec using an apparatus which emits laser light having a wavelength of 780 nm and which has a 

45 numerical aperture (NA) of 0.65 and a recording power of 25 mW. 

[0197] As a result, the recorded signals had good data-to-clock jitter, i.e., 28 ns at 1 .2 m/s reproduction, even after 
1000-time direct overwriting (DOW). In addition, the recorded signals had good properties and the reflectance and 
modulation thereof were 1 9 % and 60 %, respectively. Namely, it can be said that the high reflectance and heat con- 
ductivity of a silver material used in the reflection layer can be fully utilized. 

50 [01 98] Even after this optical recording medium was subjected to a 500-hour preservation test at 70 °C and 90 %RH, 
the reflectance and modulation were 19 % and 63 %, which were almost the same as those at the beginning of the 
preservation test. 

[0199] In addition, C1 errors (correctable errors) after the preservation test were almost the same as those before 
the preservation test. 

55 [0200] Namely, by forming an overcoat layer having a glass transition temperature of 1 49 °C, the high temperature 
preservation reliability at 90 °C and 90 %RH can be imparted to the recording medium. 
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Effect of the present invention 

[0201] According to the present invention, an optical recording medium is provided in which ionization of Ag and 
formation of voids in the Ag-based reflection layer therein can be prevented and the Ag-based reflection layer has 

5 good adhesion to the adjacent layers and which has high reliability even after preservation at high temperature and 
humidity conditions without deteriorating the high reflectance and high heat conductivity of Ag in the reflection layer 
and without largely influencing the optical properties and thermal properties of the recording medium. 
[0202] In addition, by forming an overcoat layer (and/or an adhesive layer) having a glass transition temperature of 
from 90 °C to 1 80 °C on the Ag-based reflection layer, an optical recording medium having good reflectance and heat 

10 conductivity and good high-temperature preservation reliability can be produced. When the difference in glass transition 
temperature between the overcoat layer and adhesive layer is'not greater than 50 °C, the resultant recording layer can 
stably work even at a high temperature. 

[0203] When the recording layer is constituted of a phase change material having a specific formula, the ability of 
the recording medium preventing corrosion of the Ag-based reflection layer can be further enhanced. 
15 [0204] This document claims priority and contains subject matter related to Japanese Patent Applications No. 
2002-062608, 2002-089736 and 2002-075052, filed on March 07, 2002, March 27, 2002 and March 18, 2002, respec- 
tively. 

20 Claims 

1. An optical recording medium comprising: 

a substrate (1) having a guide groove thereon; 
25 a first protective layer (2) located overlying the substrate (1); 

a recording layer (3) located overlying the first protective layer (2); 
a second protective layer (4) located overlying the recording layer (3); 

a third protective layer (5) located overlying the second protective layer (4) and comprising Si in an amount 
not less than 35 atomic percent,.said third protective layer (5> having a thickness of from 2 nm to 9 nm; and 
30 a reflection layer (6) located overlying the third protecitve layer (5) and comprising Ag in an amount not less 

than 95 % by weight. 

2. The optical recording medium according to Claim 1 , further comprising: 
35 an overcoat layer (7) located overlying the reflection layer (6). 

3. The optical recording medium according to Claim 1 or 2, further comprising: 

an adhesive layer (8) located overlying the reflection layer (6) or the overcoat layer (7); and 
40 either a second substrate (9) or a second optical recording medium (9) which is located overlying the adhesive 

layer (8). 

4. The optical recording medium according to any one of Claims 1 to 3, wherein the thickness of the third protective 
layer (5) is from 3 to 7 nm. 

45 

5. The optical recording medium according to any one of Claims 1 to 4, wherein the third protective layer (5) consists 
essentially of Si. 

6. The optical recording medium according to any one of Claims 1 to 5, wherein the third protective layer (5) comprises 
so Si, C and O. 

7. The optical recording medium according to any one of Claims 1 to 6, wherein the third protective layer (5) comprises 
SiC and SiOx, wherein x represents a number of from 1 to 2. 

55 8. The optical recording medium according to any one of Claims 1 to 7, wherein the third protective layer (5) comprises 
C, SiC and SiOx, wherein x represents a number of from 1 to 2. 

9. The optical recording medium according to any one of Claims 1 to 8, wherein the third protective layer comprises 
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O in an amount of from 1 to 20 atomic percent. 

1 0. The optical recording medium according to any one of Claims 1 to 9, wherein the optical recording medium satisf ies 
the following relationships: 

5 

0.1 < DM/D2 < 0.5, and 0.01 < DM/DR < 0.1 , 

wherein D2 represents a thickness of the second protective layer (4), DM represents the thickness of the third 
10 protective layer (5), and DR represents a thickness of the reflection layer (6). 

1 1. The optical recording medium according to Claim 1 0, wherein the optical recording medium satisfies the following 
relationships: 

15 0.15 £ DM/D2 <£ 0.35, and 0.03 <. DM/DR <; 0.05. 

12 The optical recording medium according to any one of Claims 1 to 11 , wherein the third protective layer (5) has 
" an average electronegativity En(ave) not greater than 2.3, wherein the average electronegativity En(ave) is rep- 
20 resented by the following formula: 

En(ave) = (£[mi x Eni])/100 

25 wherein mi and Eni represent an atomic percent and an electronegativity of each of constituent elements of the 

third protective layer (5), respectively. 

13. The optical recording medium according to any one of Claims 2 to 12, wherein the overcoat layer (7) has a glass 
transition temperature Tg(1) of from 90 °C to 1 80 °C. 

30 

14. The optical recording medium according to Claim 13, wherein the overcoat layer (7) has a glass transition tem- 
perature Tg(1) of from 100 °C to 165 °C. 

15. The optical recording medium according to any one of Claims 3 to 14, wherein the adhesive layer (8) has a glass 
35 transition temperature Tg(2) of from 90 °C to 1 80 °C. 

16. The optical recording medium according to Claim 15, wherein the adhesive layer (8) has a glass transition tem- 
perature Tg(2) of from 1 00 °C to 1 65 °C. 

40 17. The optical recording medium according to Claim 15 or 16, wherein a difference between the glass transition 
temperatures Tg(1) and Tg(2) is not greater than 50 °C. 

18. The optical recording medium according to Claim 1 7, wherein the difference between the glass transition temper- 
atures Tg(1 ) and Tg(2) is not greater than 30 °C. 

19 The optical recording medium according to any one of Claims 1 to 18, wherein the reflection layer (6) further 
comprises an element selected from the group consisting of Al, Bi, Ca, Cu, Cd f Fe, Mn, Mg, Ni, Pd, Pb, Sb, Zn 
and Nd. 

so 20. The optical recording medium according to Claim 1 9, wherein the reflection layer (6) comprises at least one of Cu 
and Nd. 

21. The optical recording medium according to Claim 20, the reflection layer (6) comprises Cu in an amount of from 
0.1 to 5% by weight. 

22. The optical recording medium according to any one of Claims 1 to 21 , wherein the guide groove has a width of 
from 0.1 0 ujti to 0.40 pjn and a depth of from 15 nm to 45 nm. 



22 



BNSDOCID: <EP 1343155A2J_> 



EP1 343155 A2 



The optical recording medium according to Claim 22, wherein the guide groove has a width of from 0.15 u.m to 
0.35 u.m and a depth of from 20 nm to 40 nm. 

The optical recording medium according to any one of Claims 1 to 21 , wherein the guide groove has a width of 
from 025 ujti to 0.65 urn and a depth of from 20 nm to 50 nm. 

The optical recording medium according to Claim 24, wherein the guide groove has a width of from 0.30 u.m to 
0.60 |xm and a depth of from 25 nm to 45 nm. 

The optical recording medium according to any one of Claims 1 to 25, wherein the recording layer has a formula 
Ag^Ge^ln^Ga^BipaS^TegMg, wherein 

a1+ct2+p1+p2+p3+Yf8+e=100 atomic percent, and wherein 0 <a1< 10, 0 <a2< 10, 0.1 <a1+a2< 10, 0 <pi£ 15, 0 
<p2<£ 1 5, 0 <p3< 1 5, 1 <p1 +P2+P3S 1 5, 60 <y< 90, 1 5 <5£ 30, and 0 <e< 1 0. 

An optical recording medium comprising: 

a substrate (1) having a guide groove thereon; 
a recording layer (3) located overlying the substrate (1); 

a reflection layer (6) located overiying the recording layer (3) and comprising Ag in an amount not less than 
95 % by weight; and 

an overcoat layer (7) located overiying the reflection layer (6) and having a glass transition temperature Tg(1 ) 
of from 90 °C to 1 B0 °C. 

28. An optical recording medium comprising: 

25 

a substrate (1) having a guide groove thereon; 

a recording layer (3) located overlying the substrate (1); 

a reflection layer (6) located overlying the recording layer (3) and comprising Ag in an amount not less than 
95 % by weight; 

30 an adhesive layer (8) located overlying the reflection layer (6) and having a glass transition temperature Tg 

(2) of from 90 °C to 1 80 °C; and 

either a second substrate (9) or a second optical recording medium (9) which is located on the adhesive layer 
(8). 

35 29. The optical recording medium according to Claim 28 : further comprising: 

an overcoat layer (7) located between the reflection layer (6) and the adhesive layer (8), 

wherein the overcoat layer (7) has a glass transition temperature Tg(1), and wherein a difference between 
*o the glass transition temperatures Tg(1 ) and Tg(2) is not greater than 50 °C. 

30. The optical recording medium according to any one of Claims 27 to 29, wherein the reflection layer comprises Cu 
in an amount of from 0.1 to 5 % by weight. 

45 31 . The optical recording medium according to any one of Claims 27 to 30, wherein the recording layer has a formula 
A gai Ge ot2 ,n pi Ga p2 Bl p3 sb Y Te 8 M e» wherein 

a1-Hx2+p1-i-p2+p3+')4-6+e=100 atomic percent, and wherein 0 <a1< 10, 0 <a2< 10, 0.1 <a1+a2£ 10, 0 <pi< 15, 0 
<p2< 15, 0 <p3< 15, 1 <p1+p2+p3< 15, 60 <y<. 90, 15 <8< 30, and 0 <£< 10. 

so 32. A method for manufacturing an optical recording medium comprising: 

forming a first protective layer (2) overlying a substrate (1); 
forming a recording layer (3) overlying the first protective layer (2); 
forming a second protective layer (4) overlying the recording layer (3); 
55 forming a third protective layer (5) comprising Si in an amount not less than 35 % by mole overlying the second 

protective layer (4) at a film forming speed Rm; and 

forming a reflection layer (6) comprising Ag in an amount not less than 95 % by weight overlying the third 
protective layer (5) at a film forming speed Rr, 
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wherein the following relationships are satisfied: 

0.02 < Rm/Rr < 0.20, and 0.5 nnVsec < Rm < 5.0 nm/sec. 

33. The method according to Claim 32, wherein the third protective layer (5) and reflection layer (6) are formed by 
sputtering, and wherein the following relationship is satisfied: 

1.5xPm<Pr, 

10 

wherein Pm represents a sputtering power applied for forming the third protective layer (5), and Pr represents a 
sputtering power applied for forming the reflection layer (6). 

« 34. The method according to claim 33, wherein the third protective layer (5) is formed using a mixture of SiC and SiOx 
as a sputtering target. 

35 The method according to claim 33, wherein the third protective layer (5) is formed by a reaction^ sputtering method 
using SiC as a sputtering target and using a mixture gas of Ar with at least one of oxygen, carbon monox.de, and 
20 carbon dioxide. 



25 



30 



35 



40 



45 



50 



55 



24 



BNSDOCID: <EP 1343155A2J_> 



EP 1 343 155 A2 



FIG. 1 



x: 



10 

9 

8 
7 



5 
4 
3 



FIG. 2 



~S /I 



>czzx 



-10 
7 



5 
4 
3 



BNSDOCID: <EP 1343155A2J_> 



25 



EP 1 343 155 A2 



FIG. 3 
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1. claims: 1-26,32-35 

An optical recording medium and a method for its 
preparation, comprising in the following order; a substrat. 
a first protective layer , a recording layer, a second 
protective layer, a third protective layer, comprising not 
less than 35 atomic % of Si, and a reflection layer 
comprising not less than 95 weight % of Ag 



2. claims: 27,30 (partial), 31 (partial) 

An optical recording medium comprising in the following 
order: a substrate, a recording layer, a reflective layer, 
comprising not less of 95 weight % of Ag, and an overcoat 
layer having a glass transition tempersture Tg of 90 C - 



3. claims: 28,29,30 (partial ) ,31(partial ) 

Optical recording medium comprising in the following order: 
a substrate, a recording layer, a reflection layer 
comprising not less than 95 weight % of Ag, an adhesive 
layer having a glass transition temperature Tg of 90 C - 
180°C, and either a second substrate or a second recording 



medi urn. 



4 



BNSDOCIO <EP. 



.13431 55A3_1_> 



EP 1 343 155 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 03 00 5056 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search rer>ort 
The members are as contained in the European Patent Olfice EDP Me on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

27-08-2003 



Patent document 
cited in search report 




Publication 
date 


Patent family 
member(s) 


Publication 
date 


US 6159573 


A 


12-12-2000 


EP 


1038294 A2 


27-09-2000 








WO 


9966505 A2 


23-12-1999 








JP 


2002518782 T 


25-06-2002 








TW 


462042 B 


01-11-2001 


US 6312780 


SI 


06-11-20O1 


JP 


2000298875 A 


24-10-2000 








AU 


758976 B2 


03-04-2003 








AU 


1499700 A 


24-08-2000 








BR 


0000895 A 


12-09-2000 








TW 


480480 B 


21-03-2002 








CN 


1279473 A 


10-01-2001 








EP 


1065663 A2 


O3-O1-2G01 








SG 


81350 Al 


19-06-2001 


US 5587216 


A 


. 24-12-1996 


US 


5753334 A 


19-05-1998 



w For more details about this annex : see Official Jojrnaf of the European Patent Office, No. 12/82 



5 



BNSDOCID: <EP 13431 55 A3_l_> 



This Page Blank (uspto) 



I 



